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AI R BAG AMD LAMINATES THEREFOR AND PROCESSES FOR MAKING THE LAMINATES 
CROSS REFERENCE TO RELATED APPLTCATTOM 

This application is a continuation-in-part of application 
Serial No. 07/461,193 filed January 5, 1990, which is a 
continuation-in-part of application Serial No. 07/367,401 filed 
5 June 16, 1989. 

FIELD OF THE INVENTION: 
This invention relates to a laminate for use in passive 
restraint systems for motor vehicles which rely upon flexible gas 
containers, often referred to as air bags. 

10 BACKGROUND OF THE INVFNTTDN • 

Inflatable air bags have consisted of several different 
designs, such as those made of material impermeable to the 
inflating gas. These rely on eiher blow-out patches to begin 
deflation of the bag or rely on holes of selected size to release 
15 the gas. In some versions, the holes may increase in size under 
gas pressure since the material of the bag is flexible. Other 
bags are made from a continuously porous material having one or 
more layers of varying gas permeability which stretch to some 
extent under gas pressure and thereby increase the gas release 
20 capability of the bag on full pressurization and occupant impact 
stress. Other generally non-porous bags have areas of porosity to 
release the inflating gas upon full deployment of the bag under 
gas pressflre. Still other bags are elastic textile knit bags 
coated with a gas-impermeable coating to allow inflation of the 
25 bag, the coating of which cracks to become gas pervious when the 
bag stretches under gas pressure. The following U.S. patents 
discuss these various styles of bags of differing composition and 
are hereby incorporated by reference as to background and 
description: 3,799,574; 3,937,488; 3,807,754; 3,892,425; 
30 3,618,981; 3,888,504; 4,097,065; 4,153,273; 4,169,613; and 
4,360,223. 
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.Gases are generated from an ignitable propel lant, such as 
blackpowder, sodium azide or the like. Generally when ignition 
of such a propellant takes place gas is released into the bag, as 
well as burned, unburned and burning particles at the same time. 
5 Small size particles escape the air bag through the timy or large 
holes built into the bag to allow release of gas for deflation of 
the bag into the interior of the vehicle, where they may harm the 
occupant. An azide type gas generator in an air bag floods the 
passenger compartment of a vehicle with a fine smoke of lung, eye, 

10 and generally mucous membrane-irritating particles of sodium 

oxide/sodium hydroxide and other fine particulate materials. Such 
gas generators are disclosed in U.S. patents 4,578,247 and 
4,590,041, for example. Screen filtering and cooling devices have 
been utilized within the gas generating devices to try to remove 

15 the particles from the gas discharge. Problems of filter clogging 
and pressure build-up sometimes occur as discussed in U.S. 
4,116,466. Problems of restriction of gas flow and reduction of 
deployment time of the air bag are disclosed in U.S. 4,131,299, 
where small vehicles require a faster deployment time of the air 

20 bag. 

Once the gas generator is ignited, both gas and molten 
particles are released into the bag. The size and the amount of 
particles is dependent on the type of gas generator used. One 
standard receptacle for the gas is a Neoprene rubber-coated nylon 

25 bag which contains two deflation ports/holes on the side of the 
bag facing away from the occupant when the bag is inflated and 
deployed," such as described in U.S. patent 4,097,065. Such a bag 
acceptably inflates, then deflates under load (occupant impact on 
bag) but does not prevent the noxious combustion gases of bag 

30 inflation from entering the vehicle and subsequently the lungs of 
the occupant. 

The present invention remedies the noxious particulate problem 
while maintaining the proper pressure curves of inflation and 
deflation under load removing or reducing the level of 
35 particulates- entering the vehicle to a tolerable level. 



SUMMARY OF THE INVENTION 



This invention comprises laminate materials that can be used 
in an inflatable vehicle passenger safety restraint air bag that 
is inflated with gas generated by a pyrotechnic gas generator 
under pressure and processes for preparing the laminate. The 
laminate comprises a flame resistant prefilter fabric laminated to 
a film of porous expanded polytetraf luoroethylene (PTFE) and a 
strong supportive layer of woven fabric having sufficient hoop 
strength to support the other two layers under selected gas 
pressure. 

The flame resistant prefilter layer is constructed to filter 
out larger size particulates resulting from combustion products 
when the gas forms, and is constructed to be heat resistant. It 
is preferably a mixed Nomex^-Kevlana aramid spun lace fiber layer - 
which will resist the hot and/or molten materials an act as a 
prefilter to remove the larger particles from the gas stream. The 
prefilter lace fibers are preferably coated with a dispersion of 
particles of fluorinated ethylene-propylene copolymer resin. The 
prefilter layer is laminated under heat and pressure to the film 
of porous expanded PTFE and a strong protective layer of fabric, 
preferably glass fabric polyester fabric, or aramid fabric which 
supplies resistance to the pressure of gas within the air bag. 
Fabric is used herein to mean clothlike. 

In one embodiment, the sequence of layers is prefilter layer, 
expanded porous polytetraf luoroethylene layer, and protective 
layer. In another embodiment, the prefilter layer is between the 
other two layers. 

The lamination process comprises pressing together under heat 
and pressure on a set of rollers, including a gravure roll for 
applying dots of thermoplastic adhesive to the PTFE film layer, 
the three layers of the laminate in such a manner that the 
thermoplastic adhesive dots are forced under pressure completely 
through all the layers of the laminate to bond the layers together 
at specified points. Enough space is left between the dots of 
adhesive to allow for adequate gas flow through the laminate, but 
enough dots of adhesive are used for strong bonding of the layers 
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5 together to prevent del ami nation under pressure of thegas within 
the air bag under the normal range of filling pressures. An 
example of useful material for the adhesive dots is TP3 
polyurethane polymer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 describes a cross-section of an inflated air bag 

before completion of gas generation by its pyrotechnic gas 
generator. 

Figure 2 discloses a cross-section of the laminate of the 
invention. 

15 Figure 3 shows schematically a process for forming a laminate. 

Figure 4 discloses a cross-section of a laminate. 
Figure 5 describes a cross-section of a laminate. 
Figure 6 describes a cross-section of still another laminate. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

20 To more clearly describe and define the invention, reference 

is now made to the figures. Figure 1 describes in cross-section a 
fully inflated air bag just before the gas emission from the 
ignited pyrotechnic gas generator has been completed and the fuel 
has been expended. The bag comprises an upper, or 

25 occupant-facing, layer of gas-impervious heat-resistant laminate, 
and a lower laminated layer of a flame-resisting flame shield 
around the area of the gas generator. The issuing gas 2 from 
apertures S. in the walls of the gas generator £ is a very hot 
mixture of nitrogen gas and sodium oxide containing also molten 

30 and/or still -burning particles of sodium azide and sodium oxide. 

These hot particles impinge on the inner surfaces of the bag, such 
as the Neoprene coating 2. on the fabric 1 of the upper portion of 
the bag facing the occupant, and the heat-resistant pref liter 
layer and flame shield layer H_of the porous gas-pervious 

35 laminated lower layer. The upper layer may conveniently be a 
Neoprene rubber coating 2. on woven nylon fabric 1. A silicone 
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material may serve as coating 2 as well as other heat-resistant 
elastomers and plastisols. This layer must be able to withstand 
the impingement of hot gases and particles from the gas generator 
for the duration of burning of the gas generator. 
5 The top layer is attached at its edges by a means, such as 

sewing, to a bottom portion to which is affixed through its wall 
the opening of the gas outlet of a pyrotechnic gas generator, 
preferably a sodium azide type of gas generator. 

Surrounding the opening of the gas generator is a flame shield 
10 to protect the lower layers of the bag from the radially spewed 
gas flowing from the gas generator from the burning of its solid 
fuel. The gas contains, besides nitrogen, molten and/or flaming 
particles of sodium azide fuel, sodium oxide, and sodium 
hydroxide. The flame shield may be Neoprene rubber-coated nylon 
15 woven fabric or a sprayed-on silicone layer or other material that- 
provides adequate protection of a laminate of Nomex aramid fiber 
woven fabric. The flame shield is attached by, for instance, 
sewing to a laminated filtering layer and covers a substantial 
portion of its area. 
20 The lower laminated gas transmitting layer in this embodiment, 

as shown in Figures 2 and 5, must have several properties to carry 
out its proper function. The inner surface layer 3 must also be 
porous to serve as a prefilter for larger particles carried by the 
gas stream. Layer 5 must also be heat resistant to not be damaged 
25 by 'thee same molten particles and hot gas. A 10% Nomex aramid 30% 
Kevlar aramid spun lace is a preferred layer 2, but Nomex aramid 
spun lace", microfiber glass, woven glass fiber, and woven or 
felted Nomex aramid may also be used. Material strength is not 
particularly important for this layer. Layer 4 of the laminate is 
30 microporous expanded PTFE which filters out -the finest (smallest) 
unburned sodium azide, sodium oxide, and sodium hydroxide (where 
the oxide encountered water) particles, and other powder residues 
from the pyrotechnic gas generator. Microporous PTFE is described 
in and is prepared as shown in U.S. Patent 3,953,566 and U.S. 
35 Patent 4,187,390. Layer 4 may be either sintered or unsintered 
PTFE. Layer 2 provides the hoop strength to the laminate so it 
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5 can, resist the gas pressure inside the gas bag. Woven glass 

fibers have proved to be strong and economical, but strong woven 
Kevlar aramid fibers may be used as may other fibers of sufficient 
strength and heat resistance. They can be sewn into the seam 10 
around the edge of the air bag, providing the proper support plus 
10 a safety margin for layers 2 and 4 without such bonding, its 
having lower extensibility per unit load than those layers. 
Alternatively, layer 2 can be a composite of a woven and a 
nonwoven fabric. Alternatively, too, in some circumstances the 
PTFE layer is bonded to the support layer. 
15 The flame shield portion of the lower layer is a Neoprene 

rubber coated H woven nylon fabric layer 12 of similar properties 
and composition to the upper layer. Silicone or other polymer 
sprayed on Nomex aramid woven fiber fabric may also be used for 
the flame shield. The flame shield is usually affixed to the 
20 remainder of the lower layer by sewing 1£ as shown in Figure 1. 

Layer 2 is coated with particles of thermoplastic fluoropolymer , 
usually from a liquid dispersion of the polymer particles, or PVC 
or a low melting plastic. The coated layer 2 is heat and pressure 
bonded by means of the thermoplastic particles to layer 4 of 
25 porous expanded PTFE. The bonding particles do not substantially 
interfere with gas flow through the bonded layers but do cause the 
layers to adhere sufficiently where hoop strength is not needed 
during the bag unfolding process when it is inflated. Adjacent to 
layer 4, but not bonded thereto » is a woven fabric layer 2 usually 
30 of glass fibers, polyester fibers £ or polyamide fibers which have 
been found to be of the proper strength to support the other 
layers under the pressure of bag inflation. 

A preferred process for laminating the layers so that they can 
better resist delaminating pressures from within the air bag is 
35 described with reference to Figure 3. Rolls 12, 14, and 12 

provide heating and pressure application means which force layers 
2, 4, and 2 together to form the bonded laminate. Roll 12 is a 
gravure roll which applies dots 2Q of thermoplastic or 
solvent-carried adhesive resin, such as thermoplastic polyurethane 
40 or other thermoplastic resin or polymer, in a pattern, such as 35 
dots per inch for example, to layer 4 before it passes from feed 
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roll 17 between rolls 11 and J4- Layer 2 is also fed from feed 
roll 18' between rolls H and U at the same time as layer 4 and is 
bonded thereto by the dots of thermoplastic adhesive 20 forced 
through layers 1 and 4 by the pressure and heat of rolls 11 and 14 
5 at the nip between them. The combined layers 1 and 4 pass around 
roll 14 into the nip between rolls 14 and 15. where layer 1 from 
feed roll 16 also passes into the nip between rolls 14 and H and 
is bonded to layer 4 by the thermoplastic adhesive forced through 
layer 4 by the heat and pressure of the nip. The completed 

10 laminate is taken up on storage roll 12 after cooling it (cooling 
process not shown). 

Figure 4 describes an alternative laminate to that of Figure 
2, wherein layer 5 may be a fabric made from Kevlar or other 
aramid fibers woven into a strong fabric, layer 1 may be a spun 

15 lace of Kevlar and/or Nomex or other aramid and polyamide heat 

resistant fibers, and layer 4 is porous expanded PTFE membrane in 
either sintered or unsintered form. Instead of a pattern of dots 
2Q of thermoplastic adhesive, a pattern of grid lines or the like 
of adhesive may be laid down on gravure roll 11 for transfer to 

20 layer 4. The fabric layer 1 may comprise the inner layer facing 
the hot expanding gases and particles from gas generator £. 

Figure 5 describes a version of the laminate of Figure 2 
wherein the dots 2Q of adhesive have been forced through the 
laminate to bond together all layers of the laminate. 

2 5 In Figure 6, layer 5 is a composite of a nonwoven fabric and a 

woven fabric with the nonwoven preferably on the side adjacent the 
PTFE 4; tfie nonwoven can be any usual nonwoven provided that the 
composite meets the minimum tensile strength requirements. 

EXAMPLE: 

30 The fire and heat resistant prefilter layer used was a 2 

Nomex/Kevlar spun lace 70/30 2.7 oz./yd. 2 . This material will 
remove the larger molten particles while still maintaining its 
integrity enough to support the expanded microporous PTFE film. 
Other fire and heat resistant materials could be used here such as 
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plain Nomex, in various forms, fiberglass and microfiberglass in 
various forms, and other treated felts and fabrics. All of these 
have different advantages in cost and disadvantages, i.e. degree 
of heat and fire resistance, shrinkage, flexibility. The next 
5 stage of construction is the bonding of the fire and heat 

resistant prefilter layer to the expanded PTFE film. A PTFE 
dispersion commercially known as Fluon AD-1 was applied to the 
surface of the Nomex/Kevlar spun lace layer and then the 
microporous film laminated to it. Permeability of the laminate 

10 can be altered to affect inflation and deflation rates of the 

bag. This can be accomplished by changing the permeability of the 
expanded PTFE film, which will also affect the laminates 
filtration efficiency. Also, the percentage of the bag area 
covered by the laminate will influence its overall inflation and 

15 deflation rates. 

An expanded microporous PTFE film manufactured by W. L. Gore 

& Associates, Inc. with an air permeability 7.0 ft. min. at 
2 

0.5" H 0 was used. This in conjunction with its other layers 
yielded an overall laminate permeability of 4.5 ft. 3 /min. at 

20 0.5" H 2 0. 

This particular membrane will filter out 99.9931 of 0.1 MM size 
particles from air. 

The adhesive particles referred to earlier could be of almost 
any type that will allow the laminate to remain flexible and 

25 stable over a ten year span and has sufficient heat and fire 

resistance to withstand temperature fluctuation, such as -30°F. to 
240*"F. along with temperature experienced during inflation and 
will make a permeable bond. 

The laminate was attached to an outer layer that provides the 

30 strength to contain the inner laminate while it is under the 

pressure produced by the gas generator. Again different materials 
could be used to act as this outer support layer. The outer layer 
was a woven polyester of light weight. A woven fiberglass has the 
distinct advantage of natural heat and fire resistance along with 

35 low extensibility but does have some weakness in durability. A 
nylon 66 fabric could also be used. 
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^ j Qnqe. these layers are placed together they are incorporated 
into an air bag covering more or less area in order to meet both 
inflation, deflation and efficiency specifications- 

The preferred method was to contain the back half of the bag 
5 with the tri-layer (approx. 29" diameter) laminate material and to 
render the inner 16" diameter of the bag impervious to direct 
flaming caused by the gas generator. The forward (or passenger 
facing side) was composed of a neoprene-coated nylon material. 
These two halves were sewn and sealed to prevent any contaminates 
10 from leaking out. 
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T -CLAIM: 

1. A laminate comprising: 

(a) a prefilter layer consisting essentially of a 
heat-res i stant material ; 
5 (b) a layer of porous expanded polytetrafluoroethylene; and 

(c) a protective layer of air permeable fabric having a 
minimum tensile strength of at least 100 pounds per inch. 

2. A laminate of Claim 1 wherein the sequence of layers comprises 
a prefilter layer, a layer of porous expanded po! ytetraf luoro- 

10 ethylene, and a protective layer. 

3. A laminate of Claim I wherein the sequence of layers comprises 
a protective layer, a prefilter layer, and a layer of porous 
expanded pol ytetraf 1 uoroethyl ene . 

4. A laminate of Claim 1 wherein the sequence of layers comprises 
15 a prefilter layer, a protective layer, and a layer of porous 

expanded pol ytetraf 1 uoroethyl ene . 

5. A laminate of Claim 1 wherein the prefilter layer comprises a 
polyamide, aramid, polyimide, copolyimide, polyphenylene 
sulfide or glass fabric. 

20 6. A laminate of Claim 2 wherein the prefilter layer comprises a 
polyamide, aramid, polyimide, copolyimide, polyphenylene 
sulfide or glass fabric. 

7. - A laminate of Claim 3 wherein the prefilter layer comprises a 

polyamide, aramid, polyimide, copolyimide, polyphenylene 
25 .. sulfide or glass fabric. 

8. A laminate of Claim 4 wherein the prefilter layer comprises a 
protective layer, a prefilter layer, and a layer of porous 
expanded polytetraf 1 uoroethyl ene . 

9. A laminate of Claim 1 wherein the protective layer comprises 
30 glass, aramid, polyimide. or polyphenylene sulfide fiber 

f abri c . 

10. A laminate of Claim 2 wherein the protective layer comprises 
glass, aramid, polyimide, or polyphenylene sulfide fiber 
fabric. 



11. A laminate of Claim 3 wherein the protective layer comprises 
glass, aramid t polyimide, or polyphenylene sulfide fiber 
fabri c. 

12. A laminate of Claim 4 wherein the protective layer comprises 
glass, aramid, polyimide, or polyphenylene sulfide fiber 
fabric. 

13. An inflatable vehicle passenger safety restraint bag which 
contains the laminate material of Claims 1, 2, 3 or 4. 

14. A vehicle passenger safety device comprising: 

(a) a safety restraint bag as defined in Claim 13; 

(b) a fluid source; 

(c) means provided for fluid flow from said source into said 
bag to. effect inflation of aid bag at a predetermined rate on 
impact of said vehicle; and 

(d) an impact detection device, including means for detecting 
impact of said vehicle and means for initiating fluid flow 
from said source into said bag following said impact detection. 

15. A method for making a laminate comprising the steps of: 

(a) coating a layer of porous expanded polytetrafluoro- 
ethylene with a pattern of separated portions of thermoplastic 
adhesive from a gravure roll; 

(b) feeding said coated polytetraf luoroethyl ene layer 
together with a layer of heat-resistant material through the 
nip of said gravure roll and a heated pressure roll under heat 
and pressure sufficient to force penetration of said adhesive 
through both said layers; 

TO feeding said combined polytetrafluoroethylene and said 
heat-resistant layers together with a protective layer of air 
permeable fabric having a minimum tensile strength of at least 
100 pounds per inch through a nip between said pressure roll 
and an additional heated pressure roll at a pressure 
sufficient to force penetration of said adhesive through all 
said layers; 

(d) cooling said laminate on a storage roll. 

(e) taking up said laminate on a storage roll. 

16. A method of Claim 15 wherein said adhesive is applied as a 
pattern of spaced apart dots, lines, or a grid. 
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